The present paper depicts about the synthesis of cellulose ethyl ammonium thiophosphate (CEASP) and its metal complexes with Cd, Mo and Ce. CEASP and its metal complexes have been characterized by infrared (IR), X-ray diffraction (XRD) and energy dispersive X-ray spectroscopy (EDXS) studies. The surface morphology of samples has been premeditated by means of scanning electron microscopy (SEM). The thermal studies of samples have been carried out at multiple heating rates 2, 5, 10 and 20 °C min -1 from ambient to 700 °C in nitrogen atmosphere. Nonisothermal model free kinetic methods have been used to calculate activation energy of samples i.e. Friedman, Ozawa-Flynn-Wall (O-F-W) and modified Coats-Redfern. The activation energy of samples lie in range 72-282 kJ mol -1 . Thermal study shows that initial degradation temperature of CEASP and its metal complexes decreases and there is abrupt increase in char yield of synthesized samples as compared to pure cellulose. These and other related information suggest that such type of derivatisation could be proved a good flame retardant for cellulose.
Introduction
Textile is very essential in modern living condition. It is not only essential for apparels but also for modern furnishing for grace and style. However, cheap element of textile is either cotton or polymer which is both flammable and combustive. It is therefore the need of our combat these characteristics of polymer either through chemical treatment or inventing new compound of fibre. The following paper is an attempt in that direction. Cellulose is the most abundant naturally occurring polymer that is used for apparels and also for modern furnishing to decorate interiors of buildings. Cellulose undergoes degradation on ignition, forming combustible volatile compounds mainly laevoglucosan that result in propagation of RESEARCH ARTICLE fire causing injuries, fatalities and huge losses 1 . So in order to reduce fire hazards the cellulose is modified that can be proved as good flame retardant 2, 3 . There is sturdy relation between flame retardancy of a substance with char yield as it acts as a protective barrier that seals the substract from the surrounding heat that controls the flame spread. And also higher the char yield; the better will be the flame retardant character.
In this regard, Singh et al. 4 and Dahiya et al. 5 reported the thermal studies of cellulose modified with cresyldichlorothiophosphates, arylphosphorodichloridites, respectively. Dahiya et al. 6 studied the thermal properties of cellulose benzylthiophosphate and its metal complexes and calculated the activation energy of samples using TG data. Consequently, thermal degradation of phosphorylated cellulose like cellulose 2-chlorophenylthiophosphates, cellulose arylphosphates and their metal complexes were studied 7 . However, authors have used single heating rate methods e.g. Broido for calculation of kinetic parameters. These methods are facing disapproval due to problematic procedures and unreliable results 8, 9 . Consequently the use of multiple heating rate methods i.e. Ozawa-Flynn-Wall (O-F-W) 10 ,11 , Friedman 12 and modified Coats-Redfern 13 are preferred and used in this paper.
In the present study, cellulose ethyl ammonium thiophosphate (CEASP) and its metal complexes with Cd, Mo and Ce have been synthesized. The samples have been characterized by IR, XRD, EDXS studies. The surface morphology of samples has been premeditated by means of SEM. Thermal properties of samples have been studied by TG, DTG techniques in nitrogen atmosphere with a view to calculate degradation activation energy (Ea) values at various degree of conversions using model-free methods.
Experimental
Cellulose was supplied by Acros Organics USA. Cadmium nitrate tetrahydrate (Cd(NO 3 ) 2 .4H 2 O), diammonium molybdate tetrahydrate (NH 4 ) 2 Mo.4H 2 O) and ceric ammonium nitrate (Ce(NH 4 )(NO 3 )) were supplied by Himedia Lab (P) Ltd. Mumbai, India.
Synthesis of CEASP and its metal complexes
2 g of cellulose mercerized with 10% NaOH solution and pyridine (Py). The mercerized cellulose was taken in 250 mL two neck round bottom (RB) flask that was fitted with water condenser having guard tube containing solid CaCl 2 and its another end was fitted with septum. RB flask was cooled at ice salt mixture to 0 °C, 9.0 mL phosphorus oxychloride (POCl 3 ) (0.1 mol) has been injected through septum followed by addition of 6 mL ethyl alcohol (0.1 mol) with constant stirring at 0 °C for ½ h. Further 0.6 g thiourea (NH 2 CSNH 2 ) (0.1 mol) was added to the reaction mixture and refluxed on oil bath at 125 °C for 24 h. The resulting product was filtered, washed with hot water and dried in vacuum over P 2 O 5 . This resulting product was named as CEASP.
The metal complexes of CEASP were prepared via consistent shaking of 2 g of CEASP with 100 mL of 5% aqueous solutions of Cd(NO 3 ) 2 .4H 2 O, (NH 4 ) 2 Mo.4H 2 O and Ce(NH 4 )(NO 3 ) for 72 h at room temperature, separately. Subsequently the complexes were filtered, washed thoroughly with water and dried in vacuum over P 2 O 5 . The synthesized complexes were named as CEASP-Cd, CEASP-Mo and CEASP-Ce depending upon the type of metal used.
Characterization Techniques

IR study
Cellulose and all prepared samples have been characterized by using ABB FTIR spectrophotometer over the frequency range of 4000-500 cm -1 . The samples were oven dried, mixed with KBr in a ratio of 1:200 (w/w) and pressed under vacuum to form pellets.
Scanning electron microscopy (SEM) and energy dispersive x-ray spectroscopy (EDXS) analysis
The surface morphology of synthesized samples was studied by scanning electron microscopy (SEM, model: Zeiss EVO MA 10) and elements present in the matrix were confirmed by energy dispersive x-ray spectroscopy (EDXS, model: Oxford INCA 250).
X-ray diffraction study
The crystalline phase has been analyzed using a D-8 advance powder X-ray diffractometer (XRD, Bruker AXS, Karlsruhe, Germany), with 40kV and 30 mA, Cu-Kα radiation and a step size rate of 0.002/s.
Thermal Analysis
Thermogravimetric (TG), derivative thermogravimetric (DTG) analysis of powdered samples was carried out using Perkin Elmer Diamond TG/DTA thermogravimetric analyzer. Thermograms of all samples were recorded at multiple heating rates of 2, 5, 10 and 20 °C min −1 from ambient temperature to 700 °C under high purity nitrogen (99.999%) at a flow rate of 20 mL min −1 . The multiple heating rates were used in order to meet the requirement of activation energy calculation. Before starting each run, nitrogen was used to flush the furnace for 30 minute to create an inert atmosphere so as to avoid unwanted oxidation. Dried alumina powder was used as a reference material and ceramic sample holder was employed for taking thermograms. In order to ensure the uniformity of temperature of the sample and good reproducibility, small amounts (3-6 mg) were taken.
Data processing and activation energy calculation
TG curves were analyzed by using Pyris software from TG Analyzer and data was used in MS Excel and origin software to calculate activation energy (Ea) and correlation coefficient (R 2 ). The Ea values of samples were calculated by "model free" iso-conversional methods. The methods used in calculating activation energy at different conversions (α) were OzawaFlynn-Wall (O-F-W), Friedman and modified Coats-Redfern. The final equations used for calculation of Ea by different iso-conversional methods are given in Table 1 . In these equations, β is the heating rate, R is the universal gas constant, A is the pre-exponential factor, α is the degree of conversion and g(α) is a function of α. Using the value of slope of each line, Ea was calculated at different conversions. 
Results and Discussion
Characterization of samples XRD curves of cellulose, CEASP and its metal complexes are shown in Figures 1-2. There are two sharp peaks at 2θ of 15° and 22° of intensity 1800 and 2500 a.u., respectively 14 . The patterns confirm the formation of the single phase glucose and no other extra phase peak is observed in the patterns. XRD studies of CEASP and its metal complexes shows sharp peak as 23° for CEASP, two broad peaks at 23° and 30° for CEASP-Cd complex, only one broad peak at 23° of CEASP-Mo complex and two peaks were observed for CEASP-Ce complex at 30° (sharp) & 48° (broad). The change in 2θ values i.e. in crystalline phase of cellulose point towards the chemical modification in cellulose.
Weight percentage of different elements present in samples as observed from EDXS study, there is increase in P% by a value 11% in CEASP sample as compared to cellulose that confirms the phosphorylation reaction. The weight % of metals present in complexes of CEASP lie in the range 27-31% that indicate about the synthesis of metal complex formation. The proposed route of CEASP synthesis is given in Scheme 1. In the IR spectrum, the main peaks in cellulose observed at 1250 cm -1 for C-O out of plane stretching due to aryl group, 1625-1645 cm -1 due to aromatic rings and 3150-3500 cm -1 for O-H stretching due to intramolecular hydrogen bonding 15 . Formation of CEASP was confirmed as additional bands were observed at 1250 (P-O-C stretching), 1170 (P=O stretching), 860 (P-O stretching), 620 (P-S stretching) and 3100-3200 cm -1 (N-H stretching) as compared to cellulose. . This might be due to modification of cellulose and deposits of metal complexes. 
Thermal analysis
TG curves profile of all samples at a heating rate of 10 °C min -1 in nitrogen atmosphere is shown in Figure 7 . The TG curves of samples at multiple heating rates are given in Figures 8-11 and Figure 12 represents the DTG curves of samples. The data observed from TG and DTG curves of samples at 10 °C min -1 is reported in Table 2 . TG curves of all samples shift towards higher temperature with increase in heating rate. This shift is due to different heat transfers and kinetic rates that delay the sample decomposition and is similar to result reported by Williums et al. 17 . The onset degradation temperature (T o ) of pure cellulose is ~310 °C and for CEASP is 234.9°C. This notable decrease in to value might be due to acids produced from the dephosphorylation reactions that catalyses the decomposition process 9 . The T o values for CEASP metal complexes are greater than CEASP and found to be lie in range 246-276 °C. This might be due to presence of metal ions in the complex that increases the thermal stability of sample. Here it can be concluded that metals are increasing the thermal stability of CEASP. The mass loss (MLo) corresponds to onset degradation temperature for sample lie in the range 3-13% that is due to dehydration and decomposition process. The peak temperature (Tp) calculated from DTG curves of pure cellulose is ~340 °C and for CEASP it decreases to 247 °C. This decrease in Tp value might be due to acid catalysed reactions. The Tp for CEASP metal complexes is found to be in the range 277-313 °C which is greater than for CEASP. The mass loss (MLp) corresponding to Tp for complexes is lower (range 19-23%) as compared to CEASP (25.5%) and cellulose (55.3%). Thus it is concluded from DTG study that metal complexes are thermally more stable than CEASP and pure cellulose which is also supported by T o data derived from TG curves.
TG, DTG data have great importance to evaluate the flame retardancy of samples 18 . The two parameters like maximum mass loss rate (MMLR) from DTG and char yield have premeditated from TG curves are used to evaluate flame retardancy character of samples. Higher value of char yield and lower value of MMLR point toward the improvement in the flame retardancy of sample. The parameter MMLR was calculated corresponding to peak maxima of DTG curves and char yield was calculated from TG curves at 650 °C. The MMLR and char yield data is prearranged in Table 2 . The MMLR value for pure cellulose is 28 % min -1 and for CEASP its value decreases up to 18.5 % min -1 that further decreases to 3-7 % min -1 for metal complexes. The char yield for cellulose is 8.7% and its value increases to 48.6% for CEASP. Char yield for metal complexes further increases and lie in the range 54-63%. The decrease in MMLR values and increase in char yield of CEASP and metal complexes as compared to cellulose show that depolymerization reaction in prepared samples are slower as compared to pure cellulose in nitrogen atmosphere. This might be due to formation of charred protective layer and incorporation of metal in the matrix of macromolecules that catalyses cross linking, leading to increased char yield and suppression of volatile products formed during combustion of polymers 19 . MMLR and char yield study led to a conclusion that all synthesized samples are showing good flame retardancy and among them CEASP-Ce sample is the best. 
Degradation Activation Energy
The degradation activation energy of samples have been calculated using model free O-F-W, The variation of activation energy with degree of conversion is shown in Figures 15-17 . The activation energy of samples lie in range 72-282 kJ mol -1 . From the graphs it is clear that activation energy of synthesized samples is more as compared to Ea values of pure cellulose in the conversion range 4-5.5 and for metal complexes Ea values are more than CEASP. The increased value of Ea for CEASP and metal complexes than cellulose might be due to formation of protective layer that result in increase in Ea required for the depolymerization process. High values of Ea in this range indicate about the extended thermal stability of metal complexes and CEASP in comparison to cellulose. However the Ea for metal complexes is more than CEASP that means metal complexes are thermally more stable than CEASP. The outcomes from activation energy studies are in line with the results obtained from TG, DTG studies. 
Conclusion
The preparation of CEASP and its metal complexes have been characterized by IR, XRD, EDXS. The morphology of surface of sample by SEM shows that surface of synthesized sample is uneven as compared to pure cellulose that confirms the modification in cellulose chemically. The onset degradation temperature of CEASP is lower as compared to pure cellulose that might be due to release of acid that catalyses the decomposition process. The T o values for CEASP metal complexes is greater than CEASP and found to be lie in range 246-276 °C. This might be due to formation of protective layer of metal that increases the thermal stability of sample. The MMLR value for pure cellulose is 28% min -1 and for CEASP its value decreases up to 18.5% min -1 that further decreases to 3-7% min -1 for metal complexes. The char yield for cellulose is 8.7% and its value increases to 48.6% for CEASP. Char yield for metal complexes further increases and lie in the range 54-63%. MMLR and char yield study led to a conclusion that all synthesized samples are showing good flame retardancy and among them CEASP-Ce sample is the best. Thermal degradation activation energy deliberated using model free kinetic methods viz Friedman, Ozawa-Flynn-Wall (O-F-W) and modified Coats-Redfern lie in range 72-282 kJ mol -1 . Activation energy of synthesized samples is more as compared to Ea values of pure cellulose in the conversion range 4-5.5 and metal complexes Ea values are more than CEASP. The aforesaid study helps to conclude that metal complexes of CEASP are thermally more stable than CEASP and cellulose and such type of derivatization could be proved an good flame retardant for cellulose.
